Abstract. The paper l presents a review of recent results on the problem of size effect (or the scaling problem) in nonlinear fracture mechanics of quasibrittle materials and on the validity of recent claims that the observed size effect may be caused by the fractal nature of crack surfaces. The problem of scaling is approached through dimensional analysis and asymptotic matching. Large-size and small-size asymptotic expansions of the size effect on the nominal strength of structures are presented, considering not only specimens with large notches (or traction-free cracks) but also structures with no notches. Simple size effect formulas matching the required asymptotic properties are given. Regarding the fractal nature of crack surfaces, it is concluded that it cannot be the cause of the observed size effect.
Introduction
Scaling is a salient aspect of all physical theories. Nevertheless, little attention has been paid to the problem of scaling or size effect in solid mechanics. Up to the middle 1980's, observations of the size effect on the nominal strength of a structure have generally been explained by Weibull-type theory of random strength. However, recent in-depth analysis (Bazant and Xi, 1991) has shown that this Weibull-type theory does not capture the essential cause of size effect for quasibrittle materials such as rocks, toughened ceramics, concretes, mortars, brittle fiber composites, ice (especially sea ice), wood particle board and paper, in which the fracture process zone is not small compared to structural dimensions and large stable crack growth occurs prior to failure. The dominant source of size effect in these materials is not statistical but consists in the release of stored energy from the structure engendered by a large fracture.
By approximate analysis of energy release from the structure, a simple size effect law (BaZant 1983 (BaZant , 1984 has been derived for quasibrittle fracture. This law subsequently received extensive justifications, based on: (1) comparisons with tests of notched fracture specimens of concretes, mortars, rocks, ceramics, fiber composites (BaZant and Pfeiffer, 1987; BaZant and Kazemi, 1991, 1992; Bazant, Gettu and Kazemi, 1990; Gettu, Bazant and Karr, 1991, BaZant, Ozbolt and Eligehausen, 1994; BaZant, Daniel and Li, 1995) as well as unnotched reinforced concrete structures, (2) similitude in energy release and dimensional analysis, (3) comparison with discrete element (random particle) numerical modeling offracture (e.g. Jirasek and BaZant, 1995), (4) derivation as a deterministic limit of a nonlocal generalization of Weibull statistical theory of strength (BaZant and Xi, 1991), and (5) comparison with finite element solutions based on nonlocal model of damage (Bazant, Ozbolt and Eligehausen, 1994) . The simple size effect law has been shown useful for evaluation of material fracture characteristics from tests. Important contributions to the study of size effects in quasibrittle fracture have also been made by Carpinteri (1986) , Planas and Elices (1988a ,b, 1989 , 1993 ), van Mier (1986 , and others. Recently, the fractal nature of crack surfaces in quasibrittle materials (Mandelbrot et al. 1984; Mecholsky and Mackin, 1988; Mosolov and Borodich, 1992; Borodich, 1992; Xie, 1993; etc.) has been studied intensively. It has been proposed that the crack surface fractality might be an alternative source of the observed size effect (Carpinteri 1994; Carpinteri et al. 1993 Carpinteri et al. , 1995 Lange et al., 1993 , and Saouma et al., 1990 , 1994 . This paper outlines a generalized asymptotic theory of scaling of quasibrittle fracture and also explores the possible role of the crack surface fractality in the size effect.
Large-Size Asymptotic Expansion of Size Effect
For the sake of brevity, the analysis will be made in general for fractal cracks and the nonfractal case will then simply be obtained as a limit case. Consider a crack representing a fractal curve (Fig. 1a) whose length is defined as ao = 80(a/80 )df where df = fractal dimension of the crack curve (~ 1) and 80 = lower limit of fractality implied by material microstructure, which may be regarded as the length of a ruler by which the crack length is measured (Mandelbrot et al., 1984) . Unlike the case of classical, nonfractal fracture mechanics, the energy Wf dissipated per unit length of a fractal crack cannot be a material constant because the length of a fractal curve is infinite. Rather, it must be defined as
